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Abstract 
    Shatt Al Hilla River within Babylon Governorate is one of the main water resources in Hilla citys which 
uses for different purposes. The object of this paper is studying the quality of surface water resources in the 
study area besides determining its suitability for different anthropogenic uses and classifying the water 
type. This study included the analysis of (9) surface water samples along the river, those analyses included 
chemical parameters such as (Ca2+, Mg2+, Na+, K+) and main anions (HCO3=, CO3=, SO42-, Cl-) and other 
important anions, i.e. Nitrate (NO3=) and (PO43-), Total Hardness, Electrical Conductivity, Total Dissolved 
Salts. Results of Water quality index ranged from good to excellent type, Piper Diagram referred to water 
of class (c) which means the water of Earth Alkaline source with increasing in portions of Alakalis under 
prevailing sulfate and Chloride. Water suitability conducted by comparing with World health organization 
standers and Iraqi standers, the result of water suitable for different uses (drinking, irrigation, livestock, 
building purposes) except for industrial uses because of the high concentrations of the chemical parameters.  
Keywords:  water quality, suitability, major ions, minor ions. 
 
1- Introduction 
The water chemistry can provide better insights into the nature of the resource 
concerning residence time, flow paths, mixing, recharge, and discharge and aquifer 
characteristics. The study of the water chemical composition is of great importance in 
water resources in any area where it results from the geological processes, and any change 
in physical and chemical processes lead to a change in salinity, (pH) and other properties 
[1] .Traditionally, hydrology has been interested purely in the amount of water in a 
particular area. This is frequently referred to as physical hydrology. If, however, we take a 
wider remit for hydrology – to include the availability of water for human consumption – 
then issues of water quality are of equal importance to the quantity [2].Any physical, 
biological or chemical change in water quality that adversely affects living organisms or 
makes water unsuitable for desired uses can be considered pollution [3]. Human activities 
have a big role on chemical of water and concentration of elements, especially rare then 
the pollution problems will begin[4] and [5]. 
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    The chemical composition of water varies depending on the rock types pass through, 
and the speed of movement plays a role in determining the water quality, when the speed 
is high least ion exchange between water and rock passers-by means small concentration, 
while the slow motion reflect negatively on the quality, making it more salty, and leads to 
a change in chemical composition from one place to another [6]. 
    The water resources (surface and ground water) in Babil governorate had suffered 
neglection. Shatt Al Hilla is one of these sources, it lacks attention since long time which 
caused wastes to accumulate on its banks, despite the fact that many government 
departments are located near it or overlooked it directly including Hilla municipality. In 
addition to several drainage channels which draws contaminated water into Shatt Al Hilla 
as a result of absorbing a lot of fertilizers and pesticides which began to increase as 
farmers using chemical fertilizers. As a consequence of that and since people use water in 
their livings, it is of prime importance to study the quality of surface water and its 
suitability for different uses. 
    Surface water displays a diverse range of quality and chemistry of the major ions 
reflecting the sources of water and the amount of soluble constituents present in the soil 
column, through which the water passes. Waste water from industrial, agricultural, sewage 
and drainage water is considered as an important source for pollution which degrades 
water quality. Accordingly, it is important to examine the physical and chemical 
characteristics of water in order to determine their suitability for different purposes.  
 
2- Previous studies 
 Lafta and Nayef,(1999): They analyzed groundwater samples taken from many 
hand dug wells within the Hilla city to determine the water quality[7]. 
 Al-Badri,(2000) examined the groundwater within the city of Hilla, the wells were 
distributed in most neighborhoods, the study showed that water has alkaline and 
very high hardness qualities[8]. 
 Manah, J. K., (2003): Studied the hydro-chemical properties of the ground water 
and the mineralogy of the soil sediments in the open aquifer within some selected 
areas in Babylon Governorate [9].                                       
 AL-Ammar, (2004): Studied the hydro-chemistry of the shallow ground water, 
water drains and stream water within Babylon Governorate [10]. 
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Figure1: Location map of the study area and sampling location  
 
3 - The study area  
 The study or research area is located within Hilla district, which represent the center 
of Babil Governorate 100 km south Baghdad city covering an area about (1406 km²). The 
study area is bounded by (440 15' 0”) (440 45' 0”) longitude and (32035' 0") (320 10' 0”) 
latitude . The study area extends on both sides of Hilla River (Shatt Al Hilla) with a 
designed discharge of 220 m3/sec. covering wide agricultural areas and the center of 
Hilla city. Shatt Al-Hilla is recharging the shallow groundwater system within the studied 
area by different rates and different means [7]. 
 
4- Geological setting: 
    The study area is within the Mesopotamian plain in the unstable shelf also named 
Mesopotamian zone  within the Geosyncline Basin  between Zagroos in the North east and 
the Stable Arabian plateau in the south west [11]. The area is generally covered with 
recent sediments of the Quaternary in Pleistocene and  Holocene which is characterized by 
Flood Plain Deposit for the Euphrates river and its branches [12] .The area is affected by 
the regional tectonic movements that created a symmetric concave fold of the sedimentary 
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plain and continues to land filling the tub with the river sediments [13] , in addition to the 
deposits of the branches and Depression Fill Deposit which been produced by floods and 
mainly compose of a thin layer of fine sand , clay ,silt and silty clay [14].Aeolian deposits 
found in the eastern parts of the governorate, and dry marsh deposits are found also in 
different locations in the study area [15] . 
    Deposits produced by human activities such as the old canals and small historical hills 
represents old civilizations residential settlements which represent important natural 
geomorphological formations in the flat lands of the Mesopotamian nowadays [16]. 
   The tectonic of the study area have been described by [17], the Mesopotamian is a giant 
Depositional Synclinorium tectonically active and passing through a subsidence 
movement with Local Minor uplift, geological setting of the study area shown in Figure 
(2). 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Geological map of the study area [16]  
 
5- Materials, Method and programs: 
The following material and programs has been used in this study for investigating 
and illustrating the results in the study area:  
1. Geological map of the study area. 
2. Satellite images (QuickBird ,2013) with high resolution for the study area  .   
3. GPS  to locate the samples collected in the study area  
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4.Digital pH Meter, Digital TDS Meter, Conductivity meter and Thermometer for field 
measurements 
5. Arc GIS 10.1 for data illustrating on location maps   
6. Microsoft office 2010 (excel) to produce diagram to preview the variation and 
connection for some of the data. 
7. AquaChem 2011 software for producing Piper Diagram.  
 
6- Methodology 
The work procedure conducted within four steps as follows: 
   First step pre-field office work:   This study was carried out in October in 2016, included 
collecting all the information and data of the study area and previous studies regarding the 
water quality for different periods of time and also to diagnose theoretically the possible 
pollution sources. Also, using high resolution images to specify sampling locations 
according to human activities along the river. 
     Step two Field work: included surface water samples collecting from selected locations 
in the study area, 9 surface water samples have been collected along Shatt Al –Hilla for 
the in 8-9/10/2016. Physical parameters have been measured in the field (pH, Electrical 
Conductivity (Ec), total dissolved solids (TDS), Temperature) using a waterproof portable 
meter (Digital pH Meter) (Digital TDS Meter) (Conductivity meter) and (Thermometer). 
Some other physical properties have been described and recorded in the field as color and 
odor for each sample. Surface water sampling conducted by following a track along Shatt 
Al Hilla the length of the track from the first sample location to the last sample location is 
about (12 Km) the average distance between samples is about (1.5-2Km), the locations 
were selected according to the existence of human activities, as the local market in the 
center of the city, hospital, slaughter houses, etc. 
    Surface water samples have been collected using 1.5 liter Polyethylene bottles, 
following the right sampling procedure for chemical analysis. 
   Third step Laboratory work:  After collecting samples they carried out to the laboratory 
for analysis and testing, in the laboratory of the chemistry department in university of 
Baghdad -college of sciences to determine the concentrations for the main cations (Ca2+, 
Mg2+, Na+, K+) and main anions (HCO3
=, CO3
=, SO4
2-, Cl-) and other important anions, i.e. 
Nitrate (NO3
=) and (PO4
3-) Table (1). 
    Fourth step office work: After the chemical and physical analysis, accounting the Water 
Quality Index Basic parameters (PH, TH, Ca, Mg, K, HCO3, Cl, NO3, and SO4) used to 
calculate the index. WQI (Water Quality Index) using the standards of drinking water 
quality recommended by [18] and [19] Using the weighted arithmetic index method [20]. 
There are three steps for computing WQI .Chemical classification has been accounted 
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during this study using Piper diagram (or Trilinear diagram) [21]. Water suitability for 
different uses been accounted depending on limits to [18], [19] and [22]. 
 
Table 1: Water constituents of study area and methods of their analyses. 
 
 
7- Results and discussion  
 Piper Diagram figure (3) used as an effective graphical representation of chemistry in 
water samples in hydro-geological studies. All samples are located in the upper half of 
the rhombic-shaped (class c) as shown in figure (3) [21]. 
 
 
 
 
 
 
 
 
parameters Method of analyses 
Temperature, EC, 
TDS and pH 
Field electrode meter device (HANA instruments) 
TDS Evaporation and drying [23] 
TH 
(Ca2+ and Mg2+) 
Titration with Na2-EDTA using Eriochrome black-T 
Indicator 
Na+ and K+ Flame Photometry 
HCO3
2- Titration with HCl using phenolphthalein + Methanol 
60% 
SO4
2- Titration with BaCl2-EDTA using Eriochrome black- 
T indicator [23] 
Cl- Titration with AgNO3 using potassium Di chromate 
Indicator 
NO3
- UV-Spectrophotometric method ( λ =500 nm) 
PO4
3- Stanous Chloride Method (Spectrophotometer ) 
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Figure 3: Piper diagram shows the quality of surface water samples in the study area. 
 
 Results of chemical parameters and water quality index in the study area were 
illustrated in the Table (2).  
 Ca+2 concentration range between (150-215) ppm, average value (178) ppm, which 
exceeded the [19] standard value is 150ppm, [18] standard is 100ppm, the highest 
calcium ion is of sample no.2. Mg+2 the concentration of this ion within surface 
water samples range between (10-185) ppm, average value (90) ppm,which did not 
exceed the [19] the standard value is 100ppm [18] standard is 125pp. The highest 
concentration is of sample no.5.  
 Concentration of K+ within surface water samples range between (3.95-5.2) ppm 
average values (4.7) ppm, which did not exceed the [18] standard value is12ppm, the 
highest concentration is of sample no.7. 
   Na+ concentration range between (90-124) ppm, an average value of (99) ppm, it did 
not exceed the [19] and [18] the standard value is 200ppm. The highest concentration 
is of sample no.7. 
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  Cl- Concentration range between (111-119) ppm an average value of (115) ppm, did 
not exceed the [18] standard value 350ppm and [18] standard value is 250ppm, the 
highest concentration is of sample no.4. The concentrations of (SO42-) within surface 
water samples range between (186 -382) ppm an average value of (224) ppm 
concentration did not exceeded [19] standard value 400ppm, [18] standard is 
250ppm, highest concentration is of sample no. (4).  
 Concentrations of Bicarbonates (HCO32-) within surface water samples range between 
(156-204) ppm with an average value of (183) ppm which did not exceed the [19] the 
standard value is 200ppm, the highest concentration is of sample no. (7).  
 The concentrations of Nitrate ion (NO3-) within surface water samples range between 
(0.04-2.262) ppm an average value of (0.7) ppm, the concentration did not exceed the 
[19] and [18]  standards value is 50ppm, highest concentration is of sample no. (3) 
next to Merjan Hospital. 
  Phosphate (PO43-) concentrations of this ion within surface water samples range 
between (0.004-0.086) ppm, with an average value of (0.04) ppm, the concentration 
did not exceed the [18] standards 0.4ppm, the highest concentration is in sample no. 
(3) the nearest reference point is Merjan Hospital.  
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Table2: The concentration of chemical parameters with WQI and water quality classification for the surface water 
samples in the study area. 
Sample 
no. 1 2 3 4 5 6 7 8 9 
Mean 
(ppm) 
permissible 
limits 
after[24] 
Exceeding 
limits 
Na+ 92.655 94.7 97.4 98.6 98.4 99.1 123.9 95.7 90.19 98.96 200 not exceed 
K+ 3.95 4.8 4.9 4.8 4.8 4.9 5.2 4.7 4.655 4.745 12 not exceed 
Ca+2 212 215 190 150 165 175 175 165 160 178.55 100 exceed 
Mg+2 60.32 62.5 10 45 185 85 140 125 100 90.313 125 not exceed 
HCO3- 155.6 161.65 186.05 186.05 189.1 192.15 204.35 189.1 185.96 183.334 200 not exceed 
SO4-2 209.6 213.79 195.87 381.59 186.35 189.52 219.68 211.75 209.99 224.237 250 not exceed 
Cl- 111.59 113.6 113.6 118.93 117.15 118.57 118.22 115.38 114.56 115.733 250 not exceed 
NO3- 0.46 0.488 2.262 1.375 1.224 0.044 0.266 0.045 0.05 0.69 50 not exceed 
T.D.S 554.32 556.29 563.85 560.07 564.48 564.48 556.22 563.22 565.32 560.916 1000 not exceed 
PH 6.7 6.5 7.1 7.3 6.6 6.8 6.9 7.4 7.4 6.966 6.5-8.5 not exceed 
WQI 49.94 50.81 49.48 57.16 58.98 53.06 59.28 56.81 54.7 54.468  
 Water 
quality Excellent 
good 
water Excellent 
good 
water 
good 
water 
good 
water 
good 
water 
good 
water 
good 
water 
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 Suitability of water for different uses been conducted according to the comparison 
with different standards as below :  
1-Suitability for drinking: Generally the surface water in the study area was exceeding 
permissible parameters limits for drinking purposes according to [18], [19] and [22] table 
(3).  
 
Table 3: water samples in comparison with the permissible limits for drinking water 
purposes according to [18],[19]and  [22]. 
 
Chemical 
parameters 
of samples 
Range (ppm) Mean 
(ppm) 
[19] (ppm) [18] (ppm) [22], 2011 
(ppm) 
Exceeding 
limits 
Ca2+ 150-215 178.56 150 100 -------- Exceed 
Mg2+ 10-185 90.31 100 125 -------- Not 
exceed 
Na+ 90-123 98.96 200 200 -------- Not 
exceed 
K+ 3.9-5.2 4.75 ------- 12 -------- Not 
exceed 
Cl- 111.5-118.9 115.73 350 250 250 Not 
exceed 
SO42- 186-381 224.24 400 250 250 Not 
exceed 
HCO3- 155-204 183.33 ------- -------- -------- ------ 
NO3- 0.05-2.26 0.69 50 50 10 Not 
exceed 
PO43- 0.004-0.086 0.04 -------- 0.4 ------- Not 
exceed 
 
2- Suitability for livestock was a very good type after [25] and regarding EC parameter EC 
value ranged (881-897) μs/cm and the water results of excellent type for Livestock 
purpose table (4).  
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Table 4: Guide for Water Quality Parameters and limits in (ppm) for the livestock 
uses of surface water samples in the study area after [25]. 
 
3- Suitability for irrigation: According to [26] water class of all surface water samples was 
(permissible) and SAR values were considered of excellent type according to [27] 
table(5). 
Table 5:  Permissible Limits for the Irrigation Water after [27]. 
 
4-Building purposes: According to [25], all surface water samples are within the 
permissible limits table (6). 
Parameter 
(ppm) 
Very 
good 
Good Permissible Can be 
used 
Maximu
m limit 
Present study 
water 
samples 
mean value  
Suitability 
Na+ 800 1500 2000 2500 4000 98 Very Good 
Ca2+ 350 700 800 900 1000 178 Very good 
Mg2+ 150 350 500 600 700 90 Very good 
Cl- 900 2000 3000 4000 6000 115 Very good 
SO42- 1000 2500 3000 4000 6000 224 Very good 
TDS 3000 5000 7000 10000 15000 560 Very good 
TH 1500 3200 4000 4700 5400 817 Very good 
Ec µS/cm TDS Water classes Study area  
 Water samples 
Ec µS/cm TDS 
250 175 Excellent   
250 – 750 175 – 525 Good   
750 - 2000 525 – 1400 Permissible 881-897 565-554 
2000 - 3000 1400 – 2100 Doubtful   
˃ 3000 ˃ 2100 Unsuitable   
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Table 6: Water Quality Standards for Building Uses after [25]. 
5- Suitability for industrial purposes: according to [28] the suitability for industrial 
purposes illustrated in (Table 7). 
Table 7: Average values of water samples in the study area and Water Quality 
Standards for Industrial uses after [28]. 
P
ar
am
et
er
s 
(p
p
m
) 
Surface 
water  
sample 
average 
Chemical pulp 
and paper 
T
ex
ti
le
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o
o
d
 c
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L
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th
er
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an
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H
y
d
ra
u
li
c 
ce
m
en
t 
m
an
u
fa
ct
u
re
 
 
U
n
b
le
ac
h
ed
 
B
le
ac
h
ed
 
Ca2+ 178 
 
20 20 ---- 100 80 75 --- 100 ---- --- 
Mg2+ 90 12 12 ---- 50 36 30 ---- ---- --- --- 
HCO3- 183 ---- ---- ---- 250 --- --- ---- ----- --- --- 
SO42- 224 
 
---- ---- --- 100 ---- --- 250 500 250 250 
NO3- 0.690 ---- ---- --- 5 ---- ---- 10 ---- ---- ---- 
Cu(μg/l
) 
0.025 ---- --- 0.01 ---- --- ----- ---- --- ---- ---- 
TDS 560  ---- ---- 100 1000 ---- 1000 500 ---- --- 600 
pH 6.96 
 
6-10 6-10 2.5-10.5 6.5-8 6.5-
8.3 
6-9 6.5-8.5 --- 6-8 6.5-8.5 
Cl- 128 200 200 ---- 500 --- 300 250 500 250 250 
 
 
Parameters 
(ppm) 
Na+ Ca2+ Mg2+ Cl- SO42- HCO3- 
Permissible 
limits 
1160 437 271 2187 1460 350 
Sample average 
values 
98 178 90 115 224 183 
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8- Conclusion  
1- All samples are type (class c) which means water is (earth alkaline with increasing 
in the portions of alkalis under prevailing sulfate and chloride). 
2- Surface water samples in the study area all of the chemical parameters analysis are 
within the permissible limits of [18][19][22], which means the lake of chemical 
pollution  , except for Ca exceeded the permissible standards.  
3-  Surface water suitability: Generally the surface water in the study area it was 
exceeding permissible parameters limits for drinking purposes. 
4-  All samples were very good for livestock. 
5- All surface water samples were (permissible) for irrigation purposes.  
6-  Building purposes: all surface water samples are within the permissible limits.  
7- The water type is not suitable for almost all industries uses because of the high 
concentration of some chemical parameters like Ca, Mg and TDS. 
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 الخلاصة 
 
دينة الحلة ويستخدم لاغراض مختلفة. الهدف من البحث هو يعتبر شط الحلة في محافظة بابل احد المصادر الرئيسية للماء في م
تضمنت الدراسة  دراسة نوعية المياه السطحية ضمن منطقة الدراسة ومدى ملائمتها للاغراض المذكورة سابقا ,كذلك تصنيف نوعية المياه.
(OCH3= ,و  (aC+2gM ,+2aN ,+K ,+ )ها نماذج للمياه السطحية على طول شط الحلة, من العناصر الكيميائية التي تم تحليل 9تحليل 
وكذلك قياس العسرة الكلية و التوصيلية الكهربائية والاملاح الكلية الذائبة  (OP43-,)و (ON3=)ومن العناصر الاخرى  OC3=OS ,42-lC ,-)
والذي يدل المياه   cلمياه من النوع . اظهرت نتائج مؤشر نوعية المياه ان المياه تراوحت بين الجيد الى الممتاز, مخطط بابيبر اظهر نوع ا
اس ذات اصل قلوي ارضي مع زيادة القلوية بزيادة الكبريتات والكلورديات. تم قياس ملائمة المياه للاغراض المختلفة وذلك بمقارنتها مع مقي
 ( لغرض الشرب, لاستخدامات المختلفةمنظمة الصحة العالمية ومع المقياس العراقي وقد اظهرت نتائج المقارنة ان المياه ملائمة للاغراض وا
 الري, للمواشي, لغرض البناء) عدا عن استخدامها للاغراض الصناعية وذلك لزيادة تراكيز العناصر الكيميائية عن الحد المسموح به.
 لرئيسية, الايونات الثانوية.ية المياه, الملائمة, الايونات ا: نوعالكلمات الدالة
 
 
 
